Objective: To compare the characteristics of infants born at 22 weeks gestational age (GA) who were resuscitated at birth with those of infants who were not resuscitated.
Introduction
Survival to initial hospital discharge of infants born at 22 weeks gestational age (GA) ranges from 0 to 31%. [1] [2] [3] [4] [5] In two other series, survival to one year of age is reported as 10 to 50%. 6, 7 Survival is influenced by the percentage of such infants resuscitated and provided intensive care, and by the geographical region. A large recent study from the United States reported survival to age 18 to 22 months of 5% for 22-week-GA infants, 8 and only 2% of such infants survived without profound impairment.
Given their low survival and high proportion of morbidities among survivors, resuscitation of these infants at birth is controversial. Peerzada et al. 9 reported that 93% of neonatologists in New England considered resuscitation of 22-week-GA infants futile, and only 33% would provide treatment to such infants if the parents requested it. A similar study in Sweden reported that 19% of neonatologists there would provide treatment to these infants if requested by the parents. 10 The Committee on the Fetus and Newborn (COFN) of the American Academy of Pediatrics has issued two recent statements regarding resuscitation of these infants. In 2007, the COFN recommended that 'When early death is very likely and survival would be accompanied by high risk of unacceptably severe morbidity, intensive care is not indicated,' although they also stated that if the prognosis is uncertain but likely to be very poor, parents' wishes should determine whether the infant is resuscitated. 11 It can be debated whether 22-week-GA infants fall into the 'early death very likely' category or the 'prognosis is uncertain' category. In 2009, the COFN stated 'If the physicians consider a good outcome to be very unlikely, then parents should be given the choice of whether resuscitation should be initiated, and clinicians should respect their preference.' 12 There are little data in the literature, though, documenting why some infants born at 22 weeks GA are resuscitated and others are not. Parents may be unable or unwilling to make a decision, physicians may be unable to determine the parents' wishes, and some physicians might not think they are obligated to follow the parents' wishes given the poor outcomes. 13 Also, it is not clear if other factors, such as birth weight or degree of difficulty in conceiving a pregnancy, influence the likelihood of resuscitation. We performed a retrospective study of infants born at 22 weeks GA, comparing potential predictors of which infants would be resuscitated.
Methods
This study was done at Beaumont Children's Hospital in Royal Oak, MI, USA, which has a level 3B neonatal intensive care unit (NICU) 14 and was approved by our Institutional Review Board. We reviewed the records of all the infants born alive at 22 and 0/7 to 22 and 6/7 weeks GA from 1 January 1990 through 31 December 2009. All infants born alive during that time were recorded in a prospective obstetric and NICU database, regardless of whether they were resuscitated. We identified study infants from that database and reviewed the records of the mothers and infants.
GA was based on the obstetrical best estimate. Nearly all women in our institution have a first or second trimester ultrasound to aid in GA determination. Resuscitation was defined by endotracheal intubation as part of an infant's initial care. From 1990 through 2003 attending neonatologists took call from home and attended such deliveries if they were already in the hospital at the time of delivery or if they were specifically requested to be in attendance by the obstetrician. Otherwise, the delivery was attended by a pediatric resident or a neonatal nurse practitioner. In 2004, the neonatologists began taking in hospital call and attended all deliveries of infants born at 22 weeks GA. Prenatal consultations were done by a neonatologist if requested by the obstetrician. There was no official policy regarding resuscitation of 22 week GA infants.
Mothers were classified as having received steroids if they received any doses of antenatal steroids. Betamethasone was the steroid used routinely at our hospital. A pregnancy was defined as being the result of assisted reproductive technology if any type of hormonal therapy to increase ovulation was used (for example, clomiphene) or if any type of extrauterine fertilization was used.
Intracranial hemorrhages were classified according to Papille's classification. 15 Retinopathy of prematurity (ROP) was classified according to the International Classification of Retinopathy of Prematurity. 16 Standard statistical methods were used to compute means, s.d., medians and interquartile ranges. Mean values were expressed as ±1 s.d. Sorting and/or histograms were constructed to inspect data distributions and Kolmogorov-Smirnov tests were used to evaluate normality. Group comparisons were performed with ANOVA, and Levene's test for equality of variances was used. Student's t-test was used for comparison of continuous variables if their variances were equal and if their distributions were not significantly different from Gaussian. If distributions were non-Gaussian or the variances were unequal, then nonparametric testing (Mann-Whitney rank tests) was performed. Categorical variables were analyzed with w 2 testing unless some categories had <5 entries, in which case Fisher's exact test was substituted. P-values <0.05 were considered statistically significant. Multivariate analysis used stepwise multiple logistic regression for model building, with thresholds of P<0.10 to enter the model and P >0.15 to be rejected from the model. The final model only included those covariates that were significant at P<0.05 level.
The software used was MedCalc version 12.1.0.0 (Mariakerke, Belgium); S-plus version 7.0 (Somerville, MA, USA) was also used to corroborate multivariate logistic regression results and to check for interaction and higher-order terms.
Results
There were 85 infants live born at 22 weeks GA from 1990 through 2009. Thirty-six (42%) were resuscitated and 49 (58%) were not. Seven infants who were given bag and mask resuscitation but not intubated were included in the nonresuscitated group for data analysis.
Two of the resuscitated babies survived, with lengths of stay of 146 and 171 days and birth weights of 542 and 564 g. One had a grade 2 intraventricular hemorrhage and stage 3 ROP, and the other had no intraventricular hemorrhage and stage 2 ROP.
None of the nonresuscitated infants survived. In two cases of those not resuscitated, there was documentation in the chart that the parents requested that no resuscitation or heroic measures be done.
Univariate analysis
The resuscitated (Table 1) group had higher mean birth weights, were more likely to have had cesarean delivery and were more likely to have received antenatal steroids. Their 1-min Apgar scores were significantly higher. A neonatologist was present at 33/36 (92%) of the deliveries in the resuscitated group and at 31/49 (63%) deliveries of those not resuscitated (P ¼ 0.006). That is, a neonatologist attended 64/85 (75%) of all deliveries. If a neonatologist was present at delivery, resuscitation occurred in 31 of 64 cases (51%), whereas if no neonatologist attended delivery, resuscitation occurred in 3 of 21 cases (14%) (Fisher's exact test probability ¼ 0.009). There were 11 different neonatologists involved. We were unable to detect any significant pattern of one or more neonatologists being more or less likely to resuscitate.
The mean age at death was 64 h in those resuscitated versus 1.2 h in those not resuscitated, although the median difference was smaller, 6 versus 1 h.
The resuscitated and nonresuscitated groups did not differ by GA, gender, ethnicity, maternal age, singleton versus multiple status, use of assisted reproductive techniques or by the percentage that received a neonatology consultation before delivery. Infants born after the year 2000, the halfway point of the study, were not more likely to have been resuscitated than those born before 2000 (47% versus 37%, w 2 ¼ 0.50, P ¼ 0.48). Similarly, infants born after 2003, when neonatologists began taking in hospital call, were not more likely to have been resuscitated, although there was a trend in that direction (53% versus 35%, P ¼ 0.16).
Multivariate analysis
On multivariate analysis there were only three variables that were significantly associated with resuscitation ( Table 2 ). The 1-min Apgar score had an adjusted odds ratio of 6.2, P ¼ 0.0002, each increase of 100 g in birth weight had an adjusted odds ratio of 4.3, P ¼ 0.0058, and the presence of a neonatologist at delivery had an adjusted odds ratio of 115, P ¼ 0.0014.
As it is not clear whether the 1-min Apgar score was a stimulus to resuscitation or a result of resuscitation, and therefore, whether it should be used in a model for predicting resuscitation, we also did the multivariate analysis without including the 1-min Apgar score. Birth weight and the presence of a neonatologist at delivery remained statistically significant. The adjusted odds ratio for birth weight was 2.39 (95% CI 1.71 to 4.73, P ¼ 0.013), for each 100 g weight increase, and the adjusted odds ratio for the presence of a neonatologist at delivery was 6.72 (95% CI 1.72 to 26.2, P ¼ 0.006).
Discussion
Our study found that larger birth weight, higher 1-min Apgar score, and the presence of a neonatologist at delivery were all independently associated with an increased likelihood of an infant born at 22 weeks GA being resuscitated. Some other studies report on the likelihood of such infants receiving intensive care (similar to our definition of resuscitated infants as those who were endotracheally intubated) but do not determine why some were resuscitated and others were not. 2 We speculate that the reason some infants were resuscitated and others were not was because of parental wishes, but the retrospective nature of this study precluded us from determining that in most cases. The COFN recommended in 2009 that when counseling parents prenatally, if physicians consider a good outcome for the infant to be very unlikely, 'then parents should be given the choice of whether resuscitation should be initiated, and clinicians should respect their preference'. 12 The majority of infants in this study were born before that guideline was published, and we are not able to tell in this retrospective study what the wishes of the parents were, nor whether those wishes were followed by the physicians involved.
Several of the babies resuscitated had comments in the chart that the baby was 'vigorous', implying that was an impetus toward resuscitation. This is in keeping with the studies by Peerzada et al., 9 in which physicians report that in some cases of very premature infants, they would 'see what the baby looks like' before deciding on resuscitation. However, the available data do not support the notion that a baby's appearance immediately after delivery is correlated with its outcome. 17, 18 The finding that an infant was more likely to be resuscitated if a neonatologist was present in the delivery room is interesting. It is possible that this reflects a more aggressive approach on the part of the obstetrical team and that they called the neonatologist to attend the delivery with the intention that he or she would resuscitate the infant. The findings that antenatal steroids were administered more commonly and that cesarean section was done more commonly in the resuscitated group support this. On the other hand, it is possible that neonatologists are simply more likely to resuscitate these infants than pediatric residents or nurse practitioners are. Many of the infants whose deliveries were attended by a neonatologist were not resuscitated, so it is probably not correct to generalize that every delivery attended by a neonatologist reflected a more aggressive obstetrical approach. Some may take issue with the fact that we included infants who received only bag and mask resuscitation without endotracheal intubation in the nonresuscitated group. However, we believe that a serious resuscitative effort during this time period in these extremely preterm infants requires intubation, and that resuscitation with only bag and mask did not constitute a serious resuscitation.
A weakness of our study is that it was retrospective, which as previously mentioned did not allow us to determine the parents' or physician's reasoning at the time. Also, although nearly all women in our institution have a first-or second-trimester ultrasound to aid in GA determination, we do not have data on which of the pregnancies were dated by such an ultrasound. It is reassuring to note that our mean birth weight of the entire cohort was 477 g, similar to the 50th percentile of estimated fetal weight at 22 weeks GA (478 g) of a commonly used reference. 19 A strength of our study is that it included every such delivery in a single institution over a 20-year period and did not exclude delivery room deaths.
It is thought provoking that the only difference noted in infants who were resuscitated is that they were larger than those not resuscitated and that they had higher 1-min Apgar scoresFwhich, in at least some cases, may have been a consequence of resuscitation rather than a stimulus to resuscitation. Although it is comforting to note that there was no increase in the likelihood of any one neonatologist resuscitating or not resuscitating, our power to detect that is small, and the lack of other differences between the groups raises the possibility that there is an arbitrary component to the decision to resuscitate. In a previous study, only 33% of neonatologists responded that they would resuscitate an infant at 22 weeks GA if the parents requested it, and there are varying opinions as to whether a neonatologist has the right to refuse to resuscitate these infants. 13 It is possible that some infants who were not resuscitated would have been resuscitated if a different neonatologist had attended the delivery. Neonatal groups should develop a consensus regarding the approach to resuscitation of these infants to minimize the likelihood of arbitrary decisions being made in the delivery room.
Only 2% of all the 22-week-GA infants in our study survived, and 6% of those resuscitated survived, which means that these infants fall into the 'early death very likely' category and implies, according to the 2007 COFN statement, that neonatologists need not resuscitate these infants. However, that statement would seem to be superseded by the 2009 COFN statement that says 'if the physicians consider a good outcome to be very unlikely, then parents should be given the choice of whether resuscitation should be initiated, and clinicians should respect their preference.' 12 
Conclusion
Babies born at 22 weeks GA are more likely to be resuscitated if they are larger or if the delivery is attended by a neonatologist. We encourage neonatal groups to develop a consensus on this issue that includes discussion with parents and to follow the COFN recommendations regarding initiation of resuscitation.
